2D (a) and 3D (b) AFM image of PBDI membrane surface. S-3 Figure S2 (a) XPS overview spectrum, (b) detail C 1s and N 1s spectra of the PBDI membrane.
The surface composition of the PBDI membrane was characterized by XPS ( Figure S2a ). The XPS spectrum shows peaks at 202, 270, 284, 399, and 532 eV, which are attributed to Cl 2p , Cl 2s , C 1s , N 1s , and O 1s , respectively. Chlorine residues, which stem from BTA, might be trapped within the membrane layer during interfacial polymerization. The C 1s spectrum deconvolution shows three peaks at 284.6, 285.9 and 288.3 eV ( Figure S2b ), which are attributed to the carbon atoms within phenyl groups, C-N, and C=N, respectively. 1 The deconvoluted N 1s spectrum shows three peaks at 398.6, 400.5 and 403.0 eV ( Figure S2b) , which are attributed to the -N=, -NH-, and =NH + -, respectively. 1 S-4 Figure S3 Arrhenius representation for the He and CH 4 permeance of the PBDI membrane for an equimolar He/CH 4 mixture at 1 bara feed pressure.
The CH 4 permeance was beyond the GC detection limit at relatively low temperature. The apparent permeation activation energies were determined by the 
Because of the non-adsorbing property of He, its adsorption enthalpy can be considered as zero. 3 The adsorption enthalpy of CH 4 in benzimidazole-linked polymers is (-18.6)~(-21.7) kJ/mol. [4] [5] Therefore, the diffusion activation energy is estimated to be 21.0 kJ mol -1 and 46. The separation performance was tested in equimolar He/CH 4 mixture at 100 °C and 1 bara feed pressure, sweep gas Ar. Figure S6 
